





COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three ftriggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

E961 (COUPP) Pre-Director Review

Pressure

1)

atmospheric
pressure

)

b~

Solid Liquid

boiling

Gas

Superecritical
fluid

C

potential

energy—» .

e————

Temperature

-

.
time —»

J.I. Collar

* d
l_.,_,_J__., | I T T E—— —

|

E observable |

Zacecketal.

5/11/09



Not your daddy's bubble chamber:

Conventional BC operation
(high superheat, MIP sensitive) Low degree of superheat, sensitive to nuclear recoils only

muon Neutron WIMP

ultra-clean BC: Bolte et al., NIM A577 (2007) 569
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

Seitz model of bubble nucleation
(classical BC theory):
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

neutron-induced nucleation in 20 c.c. CF;Br (0.1 s real-time span)
Movie available from http://cfcp.uchicago.edu/~collar/bubble.mov

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® tycellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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An old precept: attack on both fronts
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10710 rgjection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg C4F)p, CF3Br).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids to levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI).
Useful for separation between n- and WIMP-recoils and
pinpointing WIMP in SUSY parameter space.

® High spatial granularity = additional n rejection mechanism

® | ow cost, room temperature operation, safe chemistry (fire-
extinguishing industrial refrigerants), moderate pressures (<200

psig)

® Single concentration: reducing a-emitters in fluids fo levels
already achieved elsewhere (~10-17) will lead to complete
probing of SUSY models

bubbles per unit volume (a.u.)

Larger chambers will be “self-shielding”
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COUPP approach to WIMP detection:

® Detection of single bubbles induced by high-dE/dx
nuclear recoils in heavy liquid bubble chambers

® (10719 rejection factor for MIPs. INTRINSIC (no data cuts)

® Scalability: large masses easily monitored (built-in
“amplification”). Choice of three triggers: pressure, acoustic,
motion (video))

® Revisit an old detector technology with improvements
leading to extended (unlimited?) stability (u/tra-clean BC)

® Etxcellent sensitivity to both SD and SI couplings (CF,I) Some excifing news! (arXiV'O8071536)

® Target fluid can be replaced (e.g., C3Fg, C4Fip, CF3BI). 400:— —60
Useful for separation between n- and WIMP-recoils and - ]
pinpointing WIMP in SUSY parameter space. a00f |

C —40
® High spatial granularity = additional n rejection mechanism - -
200_— -

® | ow cost, room temperature operation, safe chemistry (fire- - __ 20
extinguishing industrial refrigerants), moderate pressures (<200 ;. |
psig) / 35°C _
—— rh vh |

® single concentration: reducing a-emitters in fluids to levels ) L
already achieved elsewhere (~1017) will lead to complete Acoustic alpha/neutron discrimination in SDDs

probing of SUSY models (we believe the effect should be much larger in
bulk superheated liquids)




o~neutron discrimination with acoustics

The Picasso collaboration
uses superheated
droplets in gel for dark
matter search.

Have recently observed
discrimination power in
the acoustic signal
between alpha
interactions and neutron
interactions

Conceivably could give

150um droplets of C4F10
dispersed in polymerised gel

bubble chambers e

extremely powerful -
background rejectlon —SO'ne exciting news! (arXiv:0807.1536) ‘
ability. B

We will have many such
Sensors on the chamber

40

35°C

Acoustic alpha/neutron discrimination in SDDs
(we believe the effect should be much larger in
bulk superheated liquids)

dedicated chamber



137¢s (13mci) | @amma and neutron calibrations in situ:
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Improved SD

WIMP sensitivity

with 2kg chamber
2 (Science, Feb. 08)
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New limits exclude the low-mass region
favored by a SD interpretation of the DAMA/

Nal signal
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First COUPP results

The bubble chamber is back
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A peek at the future (which is here)

chamber after refill (Rn countermeasures)
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Next step: 100 kg target mass, deeper site
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Physics Reach at Fermilab Site

Background goal for E-961: <1 event per kg per day

Roszkowski, Ruiz & Trotta (2007)
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Preliminary:

synthetic silica does reduce wall nucleation rate by >10

Two consecutive orthogonal views of neutron-induced

multiple nucleation in 15 kg synthetic silica test vessel
Movie available from http://cfcp.uchicago.edu/~collar/two.mov
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Reserve transparencies
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Templates for the future:
(when life gives you lemons...)
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hydrogen

bonds

polarity
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A look at the 1st period data: Rn and only Rn

Surface events

E ﬂ_)ZISPOﬁ) ______ 214 PO& ...... e Surface (alpha) rate consistent with measured
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5 |
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